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Study Objectives: OSA has been associated with increased cancer incidence and mortality. The aim of this study was to investigate cancer-related mortality,
overall survival, and progression-free survival in patients with suspected OSA and lung cancer.
Methods: This was a case series analysis of lung cancer from a sleep cohort with suspected OSA between 2009 and 2014. The AHI, hypoxia index, and survival
outcome were recorded. Immunohistochemistry was used to analyze hypoxia-inducible factor-1α (HIF-1α) and vascular endothelial growth factor expression in
tumor pathology.
Results: In the sleep cohort comprising 8,261 patients, a total of 23 patients had lung cancer. The incidence of lung cancer was significantly higher in the
sleep cohort than in the entire adult population in Taiwan (crude incidence rate: 242.1 vs 51.5 per 105 persons, P < .01). The 3-year cancer-related mortality was
25% in AHI < 15 events/h, 50% in AHI 15–29 events/h, and 80% in AHI ≥ 30 events/h (χ2 test for trend, P = .03). In Kaplan-Meier survival analysis, patients with
stage III–IV lung cancer and AHI < 30 events/h exhibited significantly better overall survival (P = .02) and progression-free survival (P = .02) than patients with
severe OSA. Overexpression of HIF-1α and vascular endothelial growth factor was shown in 63% and 45% of lung tumor samples. Overexpression of HIF-1α
was positively associated with AHI (P = .04).
Conclusions: In this preliminary case series, severe OSA is associated with an increased risk of cancer mortality in patients with stage III–IV lung cancer. AHI
was significantly associated with HIF-1α overexpression.
Keywords: obstructive sleep apnea, lung cancer, mortality, hypoxia-inducible factor
Citation:HuangH-Y, Lin S-W, Chuang L-P, et al. SevereOSA associated with higher risk of mortality in stage III and IV lung cancer. J Clin SleepMed. 2020;16(7):
1091–1098.

BRIEF SUMMARY
Current Knowledge/Study Rationale: OSA has been reported to be associated with increased cancer incidence and mortality. This study specifically
evaluated the cancer-relatedmortality, overall survival, and progression-free survival of patients with lung cancer from a large Asian cohort with suspectedOSA.
Study Impact: The study demonstrated that severe OSA is associated with stage III and IV lung cancer mortality and that the AHI was significantly
associated with the hypoxia-inducible factor-1α overexpression. The major clinical implication is that the screening of OSA in patients with lung cancer may
be a valuable strategy to identify a potentially treatable risk factor.

INTRODUCTION

OSA is characterized by intermittent hypoxia, systemic inflam-
mation, and increased risk of death from multiple comorbidities.1

In the past decade, several population studies have shown that
OSA is associated with increased cancer incidence and mor-
tality, especially in lung cancer, colorectal cancer, and prostate
cancer.2–7 However, whether OSA increases cancer mortality
because of higher tumor aggressiveness or simply because
of a higher incidence rate is unclear.

Some clinical hypoxia variables have been associated with
cancer mortality in patients with OSA. TheWisconsin cohort
study reported that the risk of cancer mortality showed a

dose- response trend for the AHI after adjustment for po-
tential confounders.2 Hypoxemia index (the percentage of
sleep time with oxygen saturation < 90% [Tsat90%]) was in-
dependently associated with increased cancer mortality in
smoking-related cancer and in younger patients, suggesting that
hypoxia may aggravate the carcinogenic effects of tobacco.2,4,6

These results corroborate the association between OSA and
cancer through hypoxic effects.

Intermittent hypoxia is one of the hypoxic models that has
been shown to promote angiogenesis and tumor growth, me-
diated mainly by the increased expression of hypoxia-inducible
factor (HIF).8–11 HIF enhances cell survival through growth
factor signaling and inhibition of proapoptotic pathways,
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and it promotes tumor neovascularization through vascular
endothelial growth factor (VEGF).8,9,12 HIF correlates with
poor prognosis in lung cancer,13 which is the leading cause
of cancer death worldwide with high prevalence and rapid
disease progression.14,15 In addition, tumor-associated macro-
phages exhibit increased proliferation, migration, and invasion
after exposure to intermittent hypoxia.16

Most human studies to date have not yet explored the
outcome of OSA in specific cancer sites.2–4 We identified
patients with lung cancer in an Asian sleep cohort to evaluate
the impact of OSA on the clinical outcome. The primary out-
come was lung cancer–related mortality, and the secondary
outcomes were overall survival and progression-free survival
(PFS). Because the biomarkers of intermittent hypoxia have
not been fully evaluated, we also assessed the correlation
between the severity of OSA and the expression of HIF and
VEGF in lung tumors of patients with OSA.

METHODS

Study population
This was a retrospective case-series analysis of lung can-
cer from a sleep cohort at Chang Gung Memorial Hospital.
Patients were assessed for suspected OSA between 2009
and 2014. We excluded patients aged < 18 years and those
whose chief complaint was insomnia before the sleep study.
Some patients with insomnia did receive sleep study after
poor response to the treatment of insomnia. All patients un-
derwent an overnight in-laboratory polysomnography (Som-
nologica Studio 3.0, Medcare, Reykjavik, Iceland) using a
standard protocol.17 Apnea, hypopnea, oxygen desaturation
index (ODI), and AHI were defined according to the standard
guideline.18 Tsat90% was defined as the percentage of sleep
time with oxygen saturation < 90%.

Overall, 293 patients with malignancy were found in the
sleep cohort (Figure 1). We identified patients with histo-
logically proven lung cancer and used the hospital informa-
tion system and medical records to collect data on patient
characteristics, comorbidities (chronic obstructive pulmonary
disease, ischemic heart disease, diabetes mellitus, and hyper-
tension), pathologic diagnosis, epidermal growth factor re-
ceptor gene mutation study, tumor stage, cancer therapy, and
PFS. Tumor stage was evaluated according to the guidelines of
the American Joint Committee on Cancer classification system
(seventh edition).19 We used the national cancer registry of
Taiwan to confirm survival status. Cancer-relatedmortality was
the main endpoint, and April 1, 2018, was the census date for
overall survival analysis. Secondary outcomes were overall
survival and PFS of lung cancer. The Ethics Committee of
Chang Gung Memorial Hospital approved the study (IRB Nos.
201601392B0 and 201800559B0).

Immunohistochemistry
Immunohistochemistry was performed on formalin-fixed,
paraffin-embedded sections (5 μm thick) by using a bond
polymer detection system and a bond-automated machine
with a polymer refine kit. The polyclonal rabbit anti-HIF-1α

antibody (20960-1-AP, Proteintech, USA) at a dilution of 1:100
and a monoclonal rabbit anti-VEGF antibody (SC-7269, Santa
Cruz, USA) at a dilution of 1:300 were used. After deparaffi-
nization, antigen retrieval was performed using an Epitope
Retrieval 2 buffer (Leica Biosystems, USA). Sections were
incubated with primary antibodies at room temperature for 30
minutes, followed with a polyhorseradish peroxidase anti-
mouse or antirabbit immunoglobulin G reagent to localize the
primary antibody, and diaminobenzidine was used to visu-
alize the complex. The sections were then counterstained with
hematoxylin, dehydrated, cleared, and mounted.

Immunohistochemical scoring
The interpretation of immunohistochemistry results for HIF-
1α and VEGF was performed with blinding to patients’ out-
comes. The immunoreactivity of HIF-1α and VEGF was
graded from 0–3+ (0, no nuclear staining; 1+, 1%–25% nu-
clear staining; 2+, 26%–50% nuclear staining; 3+, 50% nu-
clear staining) according to nuclear expression and only
3+ (50% nuclear staining) was considered a positive immu-
nohistochemistry result.

Figure 1—Flowchart of the study.
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Statistical analysis
The Mann-Whitney U test and the Fisher exact test were used
for determining single-factor signify`cance. The correlation
analysis of clinicopathologic and immunohistochemical pa-
rameters was performed using the Spearman test corrected
for multiple testing. Kaplan-Meier curves were calculated for
the cumulative survival rate and cumulative survival time.
Univariate and multivariate survival analyses were performed
using the Cox regression model. P values < .05 were consid-
ered significant. Two-sided tests were used throughout the
study. Statistical calculations were performed using SPSS 17.0
software (IBM, USA).

RESULTS

The cohort included 8,261 adult patients with clinical diag-
nosed OSA and with a median follow-up of 5 years. A total
of 23 patients were diagnosed with lung cancer, and 16 (70%)
had stage III or IV lung cancer. The crude incidence rate of
lung cancer was significantly higher in the sleep cohort than in
the general adult population in Taiwan, 2009~2014 (242.1 vs
51.5 per 105 persons, P < .001). Table 1 shows the baseline
characteristics of patients with lung cancer in this cohort. All
patients with stage I–II lung cancer received surgical removal of
the lung tumor (s). As expected, the 5-year mortality of patients
with stage I–II lung cancer was lower than that in patients with
stage III–IV lung cancer (14.2% vs 93.7%, P < .01). Only 1
patient with stage II cancer developed tumor recurrence during
follow-up. The proportion of stage III and IV lung cancer was
comparable in the AHI < 15 events/h (3/4 (3 of 4 patients had
stage III and IV lung cancer), 75%), moderate (2/4, 50%), and
severe OSA (11/15, 73%) groups (P = .804). The 3-year cancer-
related mortality was 25% in patients with AHI < 15 events/h,
50% in patients with AHI 15–29 events/h, and 80% in patients
withAHI ≥ 30 events/h (χ2 test for trend,P= .03). In theKaplan-
Meier survival analysis, the trend of better survival in groups
with AHI < 15 events/h and 15 ≤ AHI ≤ 29 events/h was not
significant (P = .275, Figure S1 in the supplemental material).

In patients with stage III and IV lung cancer, the prognosis
of those with severe OSA was significantly poor. Table 2
shows the baseline characteristics between the stage III
and stage IV lung cancer groups divided by AHI. The age,
body mass index, performance status, tumor pathology, and
epidermal growth factor receptor mutation were similar in the
2 groups, but AHI and ODI were significantly higher in pa-
tients with severe OSA. The cancer treatment and survival
outcomes of patientswith stage III and IV lung cancer are shown
in Table 2. Figure 2 shows the Kaplan-Meier curves for sur-
vival after diagnosis of lung cancer in all groups. Patients with
stage III and IV lung cancer and AHI < 30 events/h had a
significantly better overall survival (median survival 37 vs
6 months, P = .024) and PFS (median survival 26 vs 7 months,
P = .023) than did patients with severe OSA. In a univari-
ate analysis of overall survival in patients with stage III and
IV lung cancer, AHI (hazard ratio [HR] = 5.21, 95% confi-
dence interval [CI], 1.08–25.09, P = .04), Tsat90% (HR = 1.04,

95% CI, 1.01–1.07, P = .016), and Eastern Cooperative On-
cology Group status (HR = 5.20, 95%CI, 1.22–22.19,P = .026)
were significant risk factors; ODI was nonsignificant (HR =
1.01, 95% CI, 0.99–1.04, P = .289) (Table S1 in the supple-
mental material). In a univariate analysis of PFS in patients
with stage III and IV lung cancer, AHI (HR = 11.19, 95% CI,
1.37–91.55, P = .024) and Tsat90% (HR = 1.03, 95% CI,
1.01–1.06, P = .020) were significant risk factors; ODI was
nonsignificant (HR = 1.01, 95% CI, 0.99–1.03, P = .301)
(Table S1). In a multivariate analysis of overall survival,
3 variables (AHI, Tsat90%, and Eastern Cooperative Oncol-
ogy Group status) were introduced in the stepwise logistic
regression, but all 3 variables were nonsignificant (Table S2
in the supplemental material). Other models of multivariate
analysis were used to explore the association of AHI and

Table 1—Clinical characteristics of sleep cohort with
lung cancer.

Total (n = 23) Non-OSA (n = 2)

Age, y 62.4 ± 11.6 67.5 ± 10.6

Sex, male (%) 22 (95) 2 (100)

BMI 26.6 ± 4.8 27.5 ± .7

Smoker, PKY 37.4 ± 37.2 20 ± 14.0

ESS score 11.6 ± 4.9 13.5 ± 2.1

Polysomnography

AHI 41.3 ± 27.0 3.0 ± .0

ODI 31.6 ± 25.0 4.0 ± 1.4

Lowest SpO2 80.7 ± 8.8 84.0 ± 2.8

Tsat90% 17.1 ± 26.7 4.0 ± 2.5

Tsat90 mins 32.5 ± 63.8 8.5 ± 6.3

OSA severity (%)

Mild 2 (9) 0 (0)

Moderate 4 (17) 0 (0)

Severe 15 (65) 0 (0)

ECOG status .7 ± .7 .5 ± .7

Cancer stage (%)

Stage I 6 (26) 0 (0)

Stage II 1 (4) 1 (50)

Stage III 4 (17) 1 (50)

Stage IV 12 (53) 0 (0)

Pathology (%)

Adenocarcinoma 14 (61) 1 (50)

Squamous cell 6 (26) 1 (50)

Other 3 (13) 0 (0)

3-y mortality (%) 65% 0%

5-y mortality (%) 83% 50%

Data presented as mean ± SD or number (percentage). BMI = body mass
index, ECOG = Eastern Cooperative Oncology Group, ESS = Epworth
Sleepiness Scale, ODI = oxygen desaturation index, PKY =packs per year,
SpO2 = oxygen saturation, Tsat90% = percentage of sleep time with
oxygen saturation < 90%, Tsat90 mins = total sleep time (minutes) with
oxygen saturation < 90%.
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survival, and AHI was observed to be a significant risk factor
compared with age and body mass index separately in overall
survival and was also a significant risk factor compared with
age, body mass index, and ODI separately in PFS (Table S2).

Immunohistochemical analysis of HIF-1α and VEGF ex-
pression was performed in 22 sets of lung cancer sam-
ples. Representative immunohistochemical staining of both
markers is shown in Figure 3. Overexpression of HIF-1α
and VEGF was exhibited in 63% and 45% of lung tumor

samples, respectively. Those patients with high HIF-1α
expression exhibited significantly higher AHI values (odds
ratio = 1.05, 95% CI, 1.0–1.11, P = .04) (Table 3). The 3-year
mortality in patients with high HIF-1α expression and non-
high HIF-1α expression was 73% and 50%, respectively. The
Kaplan-Meier survival analysis of HIF-1α expression was
nonsignificant (Figure S2). The patients with high and non-
high VEGF expression had similar clinical characteristics
(Table S3).

Table 2—Clinical characteristics of stage III and IV lung cancer.

Total (n = 16) AHI < 30 events/h AHI ≥ 30 events/h P(n = 5) (n = 11)

Age, y 62.4 ± 11.5 64.2 ± 10.9 63.3 ± 11.4 > .99

Sex, male 15 4 11 .31

BMI 26.8 ± 4.2 25.8 ± 4.3 27.2 ± 4.3 .46

Smoker, PKY 43.1 ± 40.5 20.0 ± 15.8 53.6 ± 44.3 .09

ECOG status 1 ±.6 .8 ± .4 1.1 ± .7 .43

Polysomnography

AHI 43.3 ± 29.4 10.8 ± 8.9 59.5 ± 20.8 < .01*

ODI 28.2 ± 25.8 7.8 ± 4.0 41.0 ± 25.5 < .01*

Lowest SpO2 81.8 ± 6.9 84.0 ± 5.3 80.7 ± 7.5 .50

Tsat90% 19.1 ± 27.1 2.5 ± 2.1 29.5 ± 31.5 .05

Tsat90 mins 29.8 ± 56.6 5.2 ± 5.0 41.0 ± 66.0 .16

PFS, months 18.4 ± 29.2 42.4 ± 45.2 7.5 ± 6.3 .03*

3-y mortalitya (%) 81.3 40 100 .08

5-y mortalitya (%) 93.7 80 100 .31

Cancer stage (%) .55

Stage III 4 (25) 2 (40) 2 (18)

Stage IV 12 (75) 3 (60) 9 (82)

Pathology (%) .59

Adenocarcinoma 10 (66) 4 (80) 6 (55)

Squamous cell 3 (18) 1 (20) 2 (18)

Other 3 (18) 0 (0) 3 (27)

EGFR mutation 7 3 4 > .99

No mutation 3 1 2

First-line cancer treatment .36

Target therapy 4 3 4

CCRT 3 2 1

Chemotherapy 4 0 4

Radiotherapy 1 0 1

Supportive care 1 0 1

Comorbid disease

COPD 1 0 1 > .99

Ischemic heart disease 4 1 3 > .99

Diabetes mellitus 5 1 4 > .99

Hypertension 8 2 6 > .99

Data presented as mean ± SD or number (percentage). *Cancer-related mortality. BMI = body mass index, CCRT =concurrent chemoradiotherapy, COPD =
chronic obstructive pulmonary disease, ECOG = Eastern Cooperative Oncology Group, EGFR = epidermal growth factor receptor, ODI = oxygen desaturation
index, PFS = progression-free survival, PKY = packs per year, SpO2 = oxygen saturation, Tsat90% = percentage of sleep time with oxygen saturation < 90%,
Tsat90 mins = total sleep time (minutes) with oxygen saturation < 90%.

Journal of Clinical Sleep Medicine, Vol. 16, No. 7 July 15, 20201094

H-Y Huang, S-W Lin, L-P Chuang, et al. Sleep apnea and lung cancer mortality



DISCUSSION

This study revealed that among patients with stage III and IV
lung cancer, those with severe OSA had higher cancer-related
mortality than did those with mild-moderate OSA. AHI and
Tsat90% were positively associated with higher overall cancer
mortality and shorter overall survival and PFS in stage III and IV
lung cancer. The pathological staining provided evidence that
AHI was significantly associated with HIF-1α overexpression.

The incidence of specific cancer types in patients with OSA
may be increased, decreased, or unaffected.7 The most frequent
cancer incidences in the OSA population in Spain and Canada,
for example, are colorectal cancer and prostate cancer,
respectively.3,4 In theUnitedStates, the incidences ofmelanoma
and renal tumors in patients with reportedly increased, whereas
those of colorectal cancer and lung cancer decreased.7 Although
lung cancer was not the most common types of cancer in our
sleep cohort, the crude incidence rate of lung cancer was higher
in patients with OSA compared with the general population.20

One Asian study investigated the incidence and mortality of lung
cancer in the patients admitted to a University hospital (Henan,
China) from 2013 to 2014 and found that the incidence of lung
cancer was similar among patients with OSA and other patients in
the hospital.21 The major limitation of that study was that the lung
cancer incidencewas comparedwith that in a single hospital group
rather than with the general population.21 In contrast, the current
study compared the incidence of lung cancer in the sleep cohort
with that in the entire population of Taiwan during the study
period, providing a more informative and less biased report.

In the Wisconsin study, lung cancer had the highest cancer
mortality rate.2 Whether OSA increases lung cancer incidence
or accelerates cancer progression, leading to highermortality, is
unclear. In this study, severe OSA was associated with an in-
creased risk of death and significantly reduced PFS in patients
with lung cancer, which suggested that severe OSA may cause
tumor progression during treatment. In the Wisconsin cohort,
severeOSAwas an independent predictor of cancermortality, and
there was a trend that patients with higher AHI had increased

Figure 2—Kaplan-Meier survival analysis in a sleep cohort with lung cancer.

Survival analysis in a cohort with lung cancer with (A) overall survival of stage III–IV lung cancer and (B)PFS of stage III and IV lung cancer. PFS = progression-
free survival.

Figure 3—Immunohistochemistry pictures of HIF-1α expression and VEGF expression.

HIF = hypoxia-inducible factor, VEGF = vascular endothelial growth factor.
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cancer mortality.2 Intermittent hypoxia appears to be the key
element in the relationship betweenOSA and cancer. This study
found that the negative effect of AHI on mortality was most
pronounced in stage III and IV lung cancer rather than in stage I
and II lung cancer. One study reported that OSA severity affects
the prognosis of lung cancer in all stages.21 However, in that
study, most of the patients with stage I or II lung cancer did not
receive surgical treatment (58% in mild OSA and 75% in
moderateOSA).21Currently, surgical resection is acknowledged
to be the recommended treatment for early-stage lung cancer.22

In our study, all patients with stage I or II lung cancer underwent
surgical resection, and only 1 patient with stage II lung cancer
experienced recurrence. Therefore, the severity ofOSAdoesnot
appear to affect patientswith stage I–II lung cancer after surgical
resection but may nonetheless cause poor prognosis in those
unable to receive surgery. Additional research is needed to
investigatewhether patientswith stage II lung cancer and severe
OSA have a higher postoperative recurrence rate.

Our study found that Tsat90% as a hypoxia marker, in ad-
dition to AHI, is also a prognostic factor, consistent with pre-
vious studies.2,6 Tsat90% represents the extent of hypoxia
during sleep, but overall hypoxia status may not fully represent
the unique intermittent hypoxia pattern of OSA. Few studies
provide information on ODI, and ODI was not a significant
prognostic factor in this study. Future study may be needed to
confirm the role of ODI in patients with cancer.

Intermittent hypoxia is known to increase resistance to ra-
diation and migration in lung cancer cells.23 In animal studies,
intermittent hypoxia has also enhanced lung tumor progression
and altered phenotypes of tumor-associated macrophage,
causing adverse cancer outcomes.11,16 HIF is the major pathway

of the hypoxia effect on cancer cells.12,24 The role of HIF-1
signaling in cancer progression, metastasis, and resistance to
therapy has been validated in both hypoxia and intermittent
hypoxia conditions.8–10,23 HIF-1α has also been reported to be a
prognosis marker of lung cancer.13 This study showed that the
expression of HIF-1αwas associated with the severity of sleep-
disordered breathing in patients with OSA and lung cancer. The
prevalence (49%) of sleep-disordered breathing in patients with
lung cancer was higher than previously expected, and moderate
to severe OSA was up to 17% in one cohort.25 Additional re-
search is required to investigate if high expression of HIF-1α in
patients with lung cancer and OSA is associated with poor
survival. Although circulating levels of VEGF are reportedly
increased in OSA,26 this study did not show the association of
VEGF expression with the severity of OSA.

The main strength of the study was the large sleep cohort
population, with enough patients with cancer for analysis of a
specific cancer type. Previous studies have typically analyzed
the pooled mortality of all cancer types and may not include
patients with cancer in early stages. Another advantage of this
study is the precision of the diagnosis. All enrolled patients
underwent overnight standard polysomnography in a sleep
laboratory, and the diagnosis of lung cancer was based on
pathological reports. In addition, the medical record system had
detailed staging, cancer treatment, and follow-up records; thus,
we could assess the impact of AHI on the prognosis of patients
with stage I–IV lung cancer receiving different treatments.
Another advantage of this study was that we used pathological
staining to explore the effects of intermittent hypoxia on human
lung cancer tissues and clinical prognosis.No other studies have
provided relevant data.

Table 3—Comparisons between groups with high and low expression of HIF-1α.

HIF-1α High Expression HIF-1α Low Expression
Odds Ratio P

(n = 14) (n = 8)

Age, y 62.3 ± 10.8 62.3 ± 14.2 1 (.93–1.08) .99

Sex, male 14 7 > .99

Polysomnography

AHI 46.5 ± 21.8 22.7 ± 22.7 1.05 (1.0–1.11) .04*

ODI 32.8 ± 21.6 21.4 ± 21.8 1.03 (.98–1.08) .28

Lowest SpO2 82.3 ± 5.6 82.7 ± 5.4 0.99 (.83–1.17) .88

Tsat90% 14.3 ± 26.2 16.4 ± 27.1 1.0 (.96–1.03) .86

Cancer stage (%)

Stage I 5 (35) 1 (12) > .99

Stage II 0 (0) 1 (12)

Stage III 3 (21) 1 (12) 0.60 (.03–13.5) .75

Stage IV 6 (43) 5 (63) 0.24 (.02–2.79) .25

Pathology (%)

Adenocarcinoma 8 (57) 5 (63) > .99

Squamous cell 4 (29) 2 (25) 1.25 (.16–9.54) .83

Other 2 (14) 1 (12) 1.25 (.09–17.6) .87

Data presented asmean ±SD or number (percentage). HIF = hypoxia-inducible factor, ODI = oxygen desaturation index, SpO2 = oxygen saturation, Tsat90% =
percentage of sleep time with oxygen saturation < 90%.
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This study has some limitations. First, the sleep cohort of the
present studymaynot represent patientswithOSA in the general
population because the sleep cohort was from a tertiary medical
center. To investigate the incidence or prevalence of cancer in
OSA, a study on the general population should be conducted by
administering sleep studies and identifying OSA and then
correlatingwith the diagnosis of cancer. Second, this was a pilot
study to examine the relationship betweenOSA and lung cancer
mortality, but the number of patients with lung cancer was
relatively small. Therefore, the multivariate analysis may be
underpowered to examine significant factors associated with
survival. Future clinical trials designed to assess cancer-
related mortality and survival are required to provide more
conclusive evidence. However, this is currently one of the
largest OSA population studies to date, focusing on lung
cancer analysis, and we collected valuable information on
cancer parameters such as performance status, cancer stages.
and cancer treatment, whichwere unavailable in other studies.
Finally, patients with OSA in this study were not treated with
CPAP treatment. AlthoughCPAP is the standard treatment for
OSA, the national health insurance in Taiwan does not cover
the cost of the treatment and these patients were reluctant to
receive CPAP at their own expense. Therefore, we cannot
evaluate the effect of CPAP treatment on the prognosis of lung
cancer in patients with OSA.

CONCLUSIONS

In this preliminary case series, OSA severity was associated
with an increased risk of death in stage III and IV lung cancer in a
sleep cohort. The pathological staining provided evidence that
AHI was significantly associated with HIF-1α overexpression.
This study provides a preliminary reference for future research
on how OSA affects the risk of lung cancer death.

ABBREVIATIONS

COPD, chronic obstructive pulmonary disease
EGFR, epidermal growth factor receptor
HIF, hypoxia-inducible factor
ODI, oxygen desaturation index
PFS, progression-free survival
Tsat90%, the percentage of sleep time with oxygen

saturation < 90%
VEGF, vascular endothelial growth factor
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